Introduction

Patients and methods
Patients Nutritional sodium, potassium and calcium are considered to be important regulators of blood pressure Thirty-six patients (26 M, 10 F), from our out-patient (BP). Some studies have shown that sodium restriction clinic, 24-67 years of age (mean 46 ± 8 years) parlowers BP while others have found no effect.
1-5 Potticipated in the study. The relevant clinical data at assium and calcium supplementation was also conenrolment in the study are given in Table 1 . sidered beneficial in lowering BP, [6] [7] [8] [9] [10] [11] [12] although the All participants had essential hypertension and finding on the value of manipulating these electrowere either on no drug therapy (n = 20), or treated lytes in hypertension are controversial. [13] [14] [15] [16] [17] [18] Each with a ␤-blocker (n = 7), or a calcium channel dietary manipulation has been evaluated as a sole blocker (n = 9) as a single agent throughout the intervention in these various studies, but the combistudy. Patients were included only if they stated nation of all three has seldom been studied. their willingness to maintain the diet. Excluded The present study was undertaken to assess from the study were patients with secondary hyperwhether a combined low-sodium (LS), high-potastension, ischaemic heart disease, congestive heart sium (HK), high-calcium (HCa) diet is achievable, failure, renal failure (creatinine Ͼ1.5 mg/dL) and and whether it affects BP in patients with mild treated diabetes mellitus. essential hypertension. Calcium intake (mg/day) 1115 ± 129 985 ± 175 710 ± 94 BMI = body mass index; MAP = mean arterial pressure; HR = heart rate.
diets. Group 2 (n = 12) began with HK followed by (Version 6 Copyright 1990, N-Sgeared Company, USA). LS and HCa diets. Group 3 (n = 13) started on the HCa diet followed by HK and LS diets. The third BP, heart rate, body weight, waist and hip circumference and 24 h urinary electrolytes were measured month of the study all patients were eating a combined LS, HK and HCa diet.
at baseline and monthly for 3 months. BP was measured with a sphygmomanometer three times in the Recommendations for the diets were: 50 mmols sodium per day for the LS diet, supplementation of sitting position after 5 min rest; phases 1 and 5 of the Korotkoff sounds were used to determine the 30-60 mmols potassium per day for the HK diet, and 1000 mg calcium per day for the HCa diet.
systolic and diastolic BPs (SBP/DBP), respectively. Sodium and potassium in urine were measured with LS diet was attained by cooking without adding salt, and using low-sodium substitutes to the regular a flame photometer, and calcium was measured spectrophotometrically on a monarch 2000 analyser diet, such as fresh vegetables and fish instead of olives, sour cucumbers and tuna. The HK diet was with the indicator methylthymol blue reagent of bioMérieux (France). To confirm complete urine colattained by increasing the consumption of vegetables and legumes and by moderately increasing lection the values were also corrected for creatinine excretion. the consumption of fresh fruits. Suggestions for food preparation were also given, in particular, subjects were encouraged to steam rather than boil legumes Data analysis and vegetables. A compensatory moderate reduction Values are presented as mean ± s.d. Analysis of variin the intake of animal protein (meat) and total fat ance (ANOVA) for repeated measurements (Statview (olive oil) was suggested, however, to keep the total 512+, Brainpower Inc, Calabasas, CA, USA) was energy and macronutrient intake unchanged. HCa used to compare values at baseline with those at diet was attained by increasing the consumption of each diet manipulation. Pearson's correlation was dairy products, such as milk and cheese, sesame, used to test the relationship between changes in BP and fish. Patients were asked to alter only electrolyte and urinary electrolytes, and between the estimated intake and to avoid changes in other dietary habits electrolyte intake and the 24-h urinary excretions. A and lifestyle during the study. A nutritional coun-P value of less than 0.05 defined statistical signifiselor was provided to help subjects maintain the cance. prescribed diet. To monitor compliance patients were seen frequently by the dietitian who calculated the electrolyte intake. Dietary intake was assessed at
Results
each clinic visit using a recall questionnaire that Nutrient analysis was filled by the patient under the supervision of the dietitian. Foods were then coded for computer Energy intake remained unchanged during the study (baseline value, 2424 kcal/day [95% CI, 2147-analysis by using a Nutritionist 3 computer program ( Figure 2 ). Among the 18 who did comply, 11 exhibited a decrease in SBP (Figure 2 ) while seven showed no change or even an increase in this parameter. These patients were probably salt-resistant subjects.
The change in SBP was related to the change in urinary sodium excretion (Figure 2 , R = 0.46, P = 0.006). Eliminating the seven salt-resistant subjects from the calculation further strengthened this correlation (Figure 2 , R = 0.64, P = 0.0003). The rate of compliance and the rate of response to LS diet were not affected by age, sex, BMI, and waist/hip ratio. Salt sensitivity was unrelated to age. Urinary sodium excretion increased over time in patients who started the study on LS diet (Group 1, Figure 3) .
The effects of a high potassium diet
After 1 month of HK diet, urinary potassium excretion increased by only 5 mmols/day from 82 mmols/day (95% CI, 71-92 mmols/day) to 87 mmols/day (95% CI, 76-97 mmols/day); (P = 0.27). BP was unaffected, and changes in neither systolic nor diastolic BP were related to the change in urinary potassium excretion. 2701 kcal/day]; and at the end of the study 2326 kcal/day [95% CI, 2135-2517 kcal/day]; P = NS). Estimated sodium and potassium intake significantly correlated with the 24-h urinary excretions (R = 0.43 for sodium, and R = 0.4 for potassium, P Ͻ 0.001 for both). Therefore, for these electrolytes urinary excretions are presented. Estimated calcium intake far exceeded and only slightly correlated with the 24-h urinary excretion (R = 0.23, P Ͻ 0.01), and therefore, for calcium the estimated intakes are also used.
The effects of a low sodium diet
After 1 month of the LS diet, urinary sodium excretion decreased significantly by 25 mmols/day (95% CI, 1-48 mmols/day), from 170 mmols/day (95% CI, 150-190 mmols/day) to 145 mmols/day (95% CI, 120-170 mmols/day); (P Ͻ 0.05). SBP decreased only slightly and not significantly from patients (50%) did not comply with the diet month, demonstrating how difficult dietary sodium restriction is to maintain in free living individuals.
Poor dietary compliance has been described by other investigators who attempted to decrease sodium intake by altering food habits.
1,24,25 Most people find the LS diet tasteless and unacceptable, and the poor compliance can be attributed in part to lack of obvious feedback such as weight reduction. These findings raise the question of whether the LS diet is a practical therapeutic strategy for long-term BP management.
The adherence to the HK diet was even lower than the adherence to the LS diet, as urinary potassium excretion increased by only 10 mmols/day after 3 months. While the HK diet can be obtained by supplementation of potassium chloride tablets, the present study was designed to evaluate whether altering food habits rather than drug therapy can lower The adherence to HCa diet is difficult to assess, since urinary calcium excretion does not reflect calcium intake. 26 Moreover, LS and HK intake may The effects of a high calcium diet decrease urinary calcium excretion. 9, 26, 27 Since our patients were all on a LS or HK diet, the lack of Nutrient analysis showed a significant increase in calcium intake after 1 month of HCa diet from 933 increase in urinary calcium excretion does not necessarily mean lack of compliance with the HCa mg/day (95% CI, 770-1097 mg/day) to 1029 mg/day (95% CI, 930-1126 mg/day); (P Ͻ 0.05). However, diet. In fact, estimated calcium intake increased significantly during the study. urinary calcium excretion was unchanged during this period despite adherence to the diet. BP was
We failed to show a significant decrease in BP with the combined diet. In fact, the HK and HCa diet unaffected and changes in systolic or diastolic BP were unrelated to the change in calcium intake or had no effect whatsoever on BP. A LS diet is regarded as effective in lowering BP and several urinary calcium excretion.
studies have provided evidence of the relationship between sodium intake and BP. [28] [29] [30] [31] [32] Studies evaluatThe effects of combined LS, HK and HCa diet ing the role of decreased dietary sodium as monotherapy for hypertension have yielded conflicting After 3 months of dietary intervention, urinary sodium excretion decreased significantly by results. [1] [2] [3] [4] [5] MacGregor et al 33 showed a significant fall in BP with the LS diet, but his patients used salt-34.6 mmols/day (95% CI, 1.4 -67.8 mmols/day); (P Ͻ 0.05), urinary potassium increased slightly free products to maintain the reduction in salt intake. The lack of decrease in BP in the present (P = 0.09), urinary sodium/potassium ratio decreased significantly (P Ͻ 0.05). Estimated calstudy may be due to an insufficient decrease in dietary sodium intake. Sodium restriction is more benecium intake increased by 281 mg/day (95% CI, 172-390 mg/day); (P Ͻ 0.01) while urinary calcium ficial in women and in older hypertensive patients; 3,29,34 our group included mainly middleexcretion remained unchanged (Table 2) . Body weight, systolic, diastolic and mean arterial pressure aged men. Moreover, it is known that the BP response to sodium restriction is heterogeneous and remained the same (Table 2) . Change in mean arterial pressure was unrelated to change in urinary only salt-sensitive patients will respond. Our study included salt-resistant patients, making the mean sodium or potassium excretion, but was related to the change in urinary sodium/potassium ratio decrease in BP in the entire group not significant. Despite this lack of a decrease in BP in the entire (Figure 4 , R = 0.34; P = 0.05).
group, there was a correlation between the change in SBP and the change in urinary sodium excretion,
Discussion
supporting the contribution of sodium intake to BP. Our findings may also explain the inconsistent findReduction of sodium intake is recommended as one of the interventions to lower BP, 19 and several studings on the effect of sodium restriction on BP described by other investigators.
1-5
ies have shown that HK and HCa diet may also lower BP in animal models and in hypertensive Potassium supplementation can lower BP by accelerating diuresis and natriuresis mainly in older patients. [6] [7] [8] [9] [10] [11] [12] [20] [21] [22] [23] The present study evaluated the effect of each diet alone and their combined effect hypertensive patients. 6, 7, 13 In the present study, on mainly middle-aged men, the increase in urinary on BP. Despite careful selection of patients who expressed readiness to follow the diet, and close potassium was moderate and probably insufficient to lower BP. In addition, patients ate a LS diet, and monitoring of compliance only 50% complied with the LS diet, and even fewer with the HK diet. In fact, the hypotensive response to potassium supplementation is mild when sodium intake is kept low. 13 urinary sodium excretion increased with time in subjects who complied with the diet in the first A combination of the LS and HK diet led to a sig- increase calcium intake. Weinberger et al 36 demonstrated congruity between sodium and calcium responsiveness of BP in normal and hypertensive humans, showing that only salt-sensitive patients exhibited a significant decrease in BP in response to calcium supplementation. Since our study included salt-resistant patients, the BP response in the entire group was not significant. Our results suggest that the HCa diet may not lower BP in sodium-depleted, middle-aged, hypertensive patients.
In conclusion, dietary changes are difficult to achieve in the long run, even with intense counselling and concentrated effort in patients willing to change life habits. Mild sodium restriction is more attainable than a HK diet, but compliance decreases over time. The response to dietary intervention is heterogeneous and sodium restriction may be effective only in salt-sensitive patients. Thus, only the LS diet should be tried in patients with mild essential hypertension. relationship of sodium and potassium intake to BP.
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The HCa diet did not affect the BP. Previous stud- has been reported in hypertensive patients, [10] [11] [12] 36 (6780): 819-824.
but some of these studies used calcium tablets 10, 36 5 Weder AB, Egan BM. Potential deleterious impact of and others were done in elderly patients, 10 studied middle-aged patients and used diet alone to
